Background: Sleep disorders and fatigue are common in multiple sclerosis (MS). The underlying causes are not fully understood, and prospective studies are lacking. Therefore, we conducted a prospective, observational cohort study investigating sleep quality, fatigue, quality of life, and comorbidities in patients with MS. Methods: Patients with relapsing-remitting MS or clinically isolated syndrome treated with interferon beta-1b were followed over two years. The primary objective was to investigate correlations between sleep quality (PSQI), fatigue (MFIS), and functional health status (SF-36). Secondary objectives were to investigate correlations of sleep quality and daytime sleepiness (ESS), depression (HADS-D), anxiety (HADS-A), pain (HSAL), and restless legs syndrome (RLS). We applied descriptive statistics, correlation and regression analyses.
Background
Multiple sclerosis (MS) is a chronic inflammatory and degenerative autoimmune disorder affecting more than two million people worldwide [1] . The prevalence is higher in women than in men. MS is a frequent cause of nontraumatic neurological disability in young adults [1] .
Comorbid conditions are common in MS and may contribute to disability. Many patients with MS report sleep disorders [2] , more frequently than in the general population, with prevalence estimates ranging from 25 to 54% [3] . Poor sleep quality in MS has been associated with negative outcomes, such as decreased quality of life [4] , exacerbation rate and disease severity [5] , and with other comorbidities such as fatigue, depression, anxiety, and pain [6, 7] .
Fatigue is another common symptom in patients with MS and is closely connected with sleep disorders [3, 8] . Treatment of sleep disorders may have the potential to improve fatigue [9] [10] [11] .
The underlying causes of poor sleep quality and fatigue are not fully understood. Restless legs syndrome (RLS) appears to play an important role since it has consistently been shown to be more common in patients with MS [2, 9, 12] and is associated with poor sleep [8, 13, 14] . The type of MS treatment may also impact sleep and fatigue. Disease-modifying drugs (DMD), such as interferon beta-1b, might affect sleep quality and fatigue, but results in this connection are ambiguous [8, 13, 14] .
Available studies are small and have included cohorts of patients on various treatments. Prospective studies on sleep quality and fatigue are lacking.
Hence, we conducted a prospective study investigating sleep quality, fatigue, quality of life, and comorbidities in patients with MS in a real-world setting over the course of two years. In order to exclude influence of various disease modifying drugs, only patients with interferon beta-1b were included.
Methods

Study design
The BETASLEEP study (NCT01766063) was a prospective, observational cohort study in Germany sponsored by Bayer Vital GmbH. Patients were recruited from 35 neurological offices and clinics specializing in the treatment of MS between December 2012 and January 2015. Patients were followed up for a total of 24 months, with documented visits at baseline, 6, 12, 18, and 24 months. Detailed information about the data collection process and training of investigators is provided in the Additional file 1.
Eligibility
Eligible patients had relapsing-remitting MS (RRMS) or clinically isolated syndrome (CIS), were at least 18 years old, and had an EDSS (expanded disability status scale) score ≤ 5. Furthermore, patients had to be on treatment with interferon beta-1b. Treatment duration was to be not more than six months and the treatment had to be tolerated by the patient according to their attending physician. All patients provided their written informed consent to participate in the study.
Objectives
Primary objectives were to investigate correlations between sleep quality, fatigue, and functional health status. Secondary objectives were to investigate correlations of sleep quality and daytime sleepiness, depression, anxiety, pain, and RLS.
Outcome variables
Primary outcome variables were sleep quality assessed with the Pittsburgh Sleep Quality Index (PSQI), fatigue assessed with the Modified Fatigue Impact Scale (MFIS), and functional health status assessed with the Short Form 36 (SF-36). Secondary outcome variables were daytime sleepiness measured with the Epworth Sleepiness Scale (ESS), depression and anxiety assessed with the Hospital Anxiety and Depression Scale (HADS), pain measured with the Hamburg Pain Adjective List (HSAL, Hamburger Schmerz Adjektiv Liste), and the severity of RLS assessed through the International RLS Study Group (IRLSSG) rating scale. Detailed information about the questionnaires is provided in the Additional file 1.
Statistical analyses
Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC). All analyses were exploratory. Continuous variables were described by sample statistics and categorical variables by frequency tables displaying the number of patients as well as percentages. The analyses were performed for the total population and stratified by baseline PSQI score (< 5, ≥5).
Correlations between the primary outcome variables and between sleep quality and the secondary outcome variables were calculated using Spearman rank correlation. Analyses were performed at baseline and all follow-up visits.
To further investigate the impact of potential confounders on the correlations, we also performed multivariable-adjusted regression analyses at baseline controlling for age, gender, EDSS score, and duration of disease.
In order to determine potential baseline predictors of poor sleep quality (PSQI≥5) at 12 and 24 months, we first performed univariate logistic regression for the dependent variable (PSQI< 5 vs. PSQI≥5). Second, we employed a stepwise selection procedure with an entry level of p = 0.5 and a stay level of p = 0.1. The following independent covariates were considered: gender (female, male), age (years), BMI (kg/m 2 ), type of MS (CIS, RRMS), baseline EDSS score (< 3, ≥3), baseline PSQI score (< 5, ≥5), MS duration (months), duration of interferon beta-1b treatment (< 3 months, ≥3 months), previous sleep disorder (no, yes), baseline ESS score, baseline HADS depression and anxiety scores (< 8, ≥8), and concomitant medication (no, yes) until initial visit.
For primary outcome variables, missing data were not imputed. Questionnaires were scored according to standard rules based on available instructions. For the regression models in secondary analyses, missing values in the questionnaire scores were either replaced by the mean or median of the available values (continuous data) or a separate category was created (categorical data).
In order to account for decreasing sample size, we performed sensitivity analyses among patients with available data at each visit.
Results
Patient disposition
From December 2012 to January 2015 a total of 139 patients were enrolled into the study, 128 patients were available for full analysis. A flow chart describing patient disposition is provided in Additional file 2. 45.5% of all patients completed the study. Of the patients who discontinued participation in the study, 35.3% were lost to follow up, 23.5% withdrew consent to participate in the study, 13.7% switched to another medication, and 27.5% discontinued study participation for other reasons.
Baseline characteristics
Baseline characteristics are summarized in Table 1 . The median age of the sample was 41 years (range 19-70 years; mean 41.5; SD = 11.3), and 71.1% were female. 89.1% had RRMS, while 10.9% had CIS. The median duration of disease was 6.9 months (range 0.1-315.1 months). The median EDSS was 2 (range 0-5). Some differences in gender and disease duration were seen between the good and the poor sleepers.
Sleep quality
At the initial visit, the mean PSQI score was 7.31 (SD = 4.36; median 6; range 1-18). Among 128 patients (106 patients had evaluable PSQI questionnaires) 55.47% indicated poor sleep quality ( Table 2 , Additional file 3). The mean and median PSQI scores at the final visit were lower (mean 6.71; SD = 4.11; median 5; range 1-18), with 37.70% of 61 patients (41 patients with evaluable PSQI questionnaires) indicating poor sleep quality.
In the sensitivity analysis considering only patients with PSQI scores at all visits (n = 28), the mean PSQI score at baseline was 6.75 (SD = 3.95; median 5; range 1-14), and 57.14% of patients indicated poor sleep quality. At the final visit, the mean PSQI was 6.29 (SD = 3.61; median 5; range 1-16), and 53.57% of patients indicated poor sleep quality.
Health status course
At the initial visit, the mean MFIS score was 32.4 (SD = 20.3; median 34; range 0-76; Fig. 1 ). Poor sleepers had a higher MFIS score (mean 39.4; SD = 18.8; median 43; range 2-76) than good sleepers (mean 20.2; SD = 15.2; median 18; range 0-51). The differences between poor and good sleepers were apparent at each visit. The sensitivity analysis among participants with available data at each visit confirmed these findings.
Poor sleepers also performed worse than good sleepers in the mean SF-36 physical (PCS) and mental component scores (MCS; Fig. 1 ). These differences could be observed at each visit. In the sensitivity analysis, the differences between poor sleepers and good sleepers in the PCS were less pronounced, while the differences in the MCS were confirmed.
With respect to the ESS, HADS depression, and HADS anxiety scores, poor sleepers performed worse at each visit (Fig. 1) .
The prevalence of RLS in the sample was low (4.48% [n = 6] at initial visit, 6.56% [n = 4] at final visit); all patients diagnosed with RLS were poor sleepers (Table 3) . Likewise, the number of patients with reported chronic pain was low, hence the low number of HSAL scores ( Table 3) .
The MS Functional Composite was lower in poor sleepers throughout the study and the EDSS score was higher at most visits ( Table 3) .
Correlations of sleep quality and other comorbidities
There was a strong positive correlation between the PSQI and MFIS total scores at baseline and all follow-up visits, with correlation coefficients ranging from 0.62 to 0.71 (nominal p < 0.0001 at all time points; Table 4 , Additional file 4). Moderate to strong positive correlations were also found between the PSQI and MFIS physical subscale (r s = 0.58-0.67; nominal p < 0.0001 at all time points), MFIS cognitive subscale (r s = 0.56-0.67; nominal p < 0.0001 at all time points), and MFIS psychological functioning subscale (r s = 0.56-0.65; nominal p < 0.0001 at all time points; Table 4 , Additional file 4).
Strong to moderate negative correlations at all visits were found between the PSQI total score and the SF-36 PCS (r s = − 0.51−− 0.63; nominal p < 0.0001 at all time points) and the SF-36 MCS (r s = − 0.47−− 0.78; nominal p < 0.0001 at all time points; Table 4 , Additional file 4).
Weak to moderate positive correlations were found between the PSQI total score and ESS (r s = 0.27-0.55; nominal p between 0.005 and < 0.0001), and between PSQI total score and HADS anxiety subscale (r s = 0.51-0.56; nominal p between 0.0002 and < 0.0001; Table 4 , Additional file 4). Moderate to strong positive correlations were found between the PSQI total score and HADS depression subscale (r s = 0.44-0.60; nominal p between 0.0001 and < 0.0001; Table 4 , Additional file 4).
The strengths of correlations among all primary and secondary outcome measures are visualized in Fig. 2 .
Further investigations using multivariable-adjusted linear regression analyses controlling for age, gender, EDSS score, and duration of disease supported the significant relationships seen in the correlation analysis (Additional file 5). An impact of duration of disease on PSQI scores was seen in most of these models. The influence of the questionnaire score was always the stronger one.
Predictors of poor sleep quality
In univariate logistic regression analysis, poor sleep quality (PSQI≥5) at the one-year follow-up was associated with higher BMI (odds ratio 
Discussion
In the BETASLEEP study, more than half of the patients reported poor sleep quality (PSQI≥5) at baseline, while the proportion was only 37.7% (95% CI 25.61-51.04%) after two years. Poor sleep quality was correlated with fatigue, low functional health status, and high scores of daytime sleepiness, depression, and anxiety.
The proportion of poor sleepers reported at the beginning of our study (55.5%) is comparable to that reported in other studies in Germany [14, 15] , confirming the high prevalence of poor sleep among patients with MS. In a prospective study by Kotterba et al. among 73 patients with RRMS or CIS, the proportion of poor sleepers was5 0% [14] . In a recent cross-sectional study by Rupprecht et al. among 2062 MS patients irrespective of disease course poor sleep quality was present in 54 to 60% of patients [15] . This proportion is higher than what was recently reported in the general population. A study among 9284 people from a German community sample showed poor sleep quality in 36% of participants [16] . The smaller proportion of poor sleepers at the end of our study compared to the beginning may be due to the decreasing number of participants with evaluable PSQI questionnaire results over the course of the study. On the other hand a stable course of disease during interferon beta-1b may reduce fears concerning the development of the disease and improve sleep quality.
The cross-sectional study by Rupprecht et al. [15] further found that depression (96%), anxiety (88%), and fatigue (45%) were the most common comorbidities. In our study, depression was only present in 15.4 to 22.7% and anxiety was only present in 25.0 to 34.9% of patients. HADS-D scores in our study ranged from 3.92 to 4.91, and HADS-A scores ranged from 4.72 to 6.28. A large study among 4516 MS patients from the UK [17] found higher values for HADS-D (7.73) and HADS-A (8.03). In a German study by Kleiter et al. [18] , values for HADS-D (3.7) and HADS-A (5.3) were slightly lower than in our study. The low average EDSS values in our study could be one explanation for a lower prevalence of depression and anxiety.
The study by Rupprecht et al. [15] identified anxiety and fatigue as predictors of poor sleep, while medication showed no effect. Furthermore, in the study by Kotterba et al. [14] , poor sleep and fatigue were correlated. Our study confirmed the correlation of poor sleep and fatigue, as well as the association of poor sleep and anxiety. Both fatigue and poor sleep quality have repeatedly been shown to negatively affect quality of life in MS patients [4, 19, 20] . In the present study, fatigue and poor sleep were also associated with reduced quality of life assessed with the SF-36.
In contrast to poor sleep, excessive daytime sleepiness was only reported by between 26.4 and 36.4% of our patients. This finding is consistent with previous findings showing presence of excessive daytime sleepiness in around a quarter of MS patients [14] .
MS treatment may influence sleep quality. Available results on the effects of interferon beta-1b on sleep quality are mixed. Some studies report negative effects [19, 21] , others beneficial [22] or no effect on sleep quality [6] . In animals, it was shown that interferon type I receptors affect the sleep wake cycle [23] . In order to minimize potential differences in medication effects, only patients who had been treated with interferon beta-1b (Betaferon®) for PSQI Pittsburgh Sleep Quality Index, SD standard deviation less than six months and who had tolerated the treatment, were included in the study. Treatment tolerance was required in order to reduce the number of patients prematurely stopping the study.
In the present study, RLS was reported in 2.75 to 6.56% of patients. This proportion is much lower compared to other studies, where diagnosis of RLS was mostly based on questionnaires (prevalence of 14.4 to 57.5%; [2] ) and standardized questionnaire-based interviews (prevalence of 32%; [18] ). In contrast, in the present study, RLS was assessed by treating physicians based on their evaluation in routine clinical practice. When physicians diagnosed RLS in a patient, the severity was estimated with the IRLSSG. However, treating physicians might not have routinely asked for RLS symptoms. Thus, it is likely that RLS is underreported. The short duration of disease might have further contributed to the low prevalence of RLS in the present study. RLS increases with age in the general population and with disease duration and severity in MS (14) . In the presented study patients are mildly impaired and in an early stage of the disease. One of the advantages of our study is the prospective observational study design investigating sleep quality in German MS patients over two years, thus allowing a real-world picture to be drawn. Furthermore, key characteristics and results from questionnaires suggest that participants in the BETASLEEP study are comparable to other cohorts of patients with relapsing forms of MS with a similar functional health status [24] and a slightly lower level of depression and anxiety [17] .
Limitations include the lack of a control group. The results therefore allow no conclusion regarding a possible treatment effect. However, the study was not designed to compare the effect of different medications on the course of sleep quality and fatigue, but rather to investigate sleep quality and fatigue under stable treatment conditions. The ideal situation would have been to prospectively investigate the natural course in untreated patients, which however is not possible due to ethical concerns. Further, obstructive sleep apnea was not excluded in patients. Given the observational study design reflecting real-world activities, such screening was not possible. Additional limitations include the low number of participants with RLS and chronic pain, precluding a reliable evaluation of the impact of these conditions on sleep quality and fatigue. Also, a considerable amount of patients was lost to follow-up. This might be due to the observational nature of the study, reflecting the real-world process in patient care. In addition, the patients were only mildly impaired and potentially observable changes may only occur over longer periods of time. Also we cannot draw any conclusion regarding the course of patients who are more severely affected. Finally, we used a forward selection procedure to identy potential predictors of poor sleep quality, which is prone to type I error. Given that the performed analyses are exploratory we wanted to make sure that we do not miss a potential predictor. This could have been the case with backward stepwise selection, for example, which sometimes drops variables that would be significant when added to the final reduced model.
Conclusion
Taken together, our study confirms the high prevalence of poor sleep quality among patients with MS, which can also be seen in our cohort treated with interferon beta-1b over 2 years. Poor sleep quality was correlated with greater fatigue, lower functional health, and more depression and anxiety. The results highlight the importance of interventions targeted at improving sleep quality in patients with MS.
